In 16-cell Xenopus embryos, horseradish peroxidase (HRP) was injected into blastomere D1.2 on one side. No Rohon-Beard neurons originated from D1.2 in either of the two patterns of cleavage that were studied (Jacobson, M. (1981) J. Neurosci. 1: 918-922). In other embryos, after injection of HRP into D1.2, the neighboring ventral blastomere V1.2, from which 68 to 90% of Rohon-Beard neurons normally originate, was removed. In the cases that developed normally to larval stages 32 to 34, the number and sizes of Rohon-Beard neurons were normal, but 14.9 to 73.9% of Rohon-Beard neurons were labeled, showing that they originated from the injected blastomere D1.2. Labeling also occurred in cells of the spinal dorsal root ganglia that normally descend from VI.2 but not from D1.2. This proves that individual blastomeres at the 16-cell stage are not committed to form specific types of neurons or restricted parts of the central nervous system.
In the foregoing paper (Jacobson, 1981) , it was shown that the majority of Rohon-Beard neurons, as well as other kinds of nerve cells in the dorsal spinal cord and dorsal spinal ganglia, arise from blastomere V1.2 on each side of the 16-cell embryo of Xenopus. These experiments were designed to investigate the effects of removal of blastomere V1.2 and to determine whether partial or complete restoration of the number of Rohon-Beard neurons occurs and if so, to trace the origins of those Rohon-Beard neurons. Three types of experiments were done. First, the effects of removal of blastomere V1.2 were investigated (experiment 1). When it was found that Rohon-Beard neurons as well as all other parts of the central nervous system developed normally after removal of V1.2, experiments were done to ensure that removal of blastomere V1.2 was complete (experiment 2). In experiment 3, horseradish peroxidase (HRP) was injected into one of the blastomeres neighboring V1.2 (namely D1.2, V1.l, or V2.2) followed by removal of V1.2 to determine which of these was substituting for V1.2 as the principal ancestral cell giving rise to Rohon-Beard neurons. It was found that any one of those cells could partially substitute for V1.2 as a progenitor of the majority of Rohon-Beard neurons. Substitution of V1.l or V2.2 for VI.2 is of little interest because those blastomeres normally give rise to RohonBeard neurons and those results will not be discussed further. This paper reports a result of greater interest, namely the production of up to 73.9% of Rohon-Beard ' This work was supported by Grant BNS 7913971 from the National Science Foundation.
neurons by blastomere D1.2, which normally does not give rise to any Rohon-Beard cells, after removal of blastomere V1.2, which normally gives rise to the majority of Rohon-Beard cells.
Materials and Methods
The methods of obtaining embryos and of injecting individual blastomeres were the same as those described in the previous paper. The same two types of cleavage pattern, termed X and Y, were used ( Fig. 1 of Jacobson, 1981) .
Experiment 1: Removal of blastomere Vl.2. At the 16-cell stage, a micropipette (tip diameter, -20 pm) attached to a micrometer syringe was inserted into blastomere LV 1.2 or RV 1.2 and the blastomere was sucked out slowly over a period of about 30 set, removing the entire cell or leaving a small remnant in some cases. Blockage of the pipette occurred in most cases and it was necessary to withdraw it and repeat the aspiration. This operation was performed on a total of 10 embryos (5 type Y and 5 type X). Experiment 2: Determination of the completeness of blastomere removal. Horseradish peroxidase (Sigma Type IX; 20% in distilled water or Steinberg solution, 1 to 2 nl) was injected by means of a micropipette (tip diameter, -5 pm) into blastomere LV 1.2 or RV 1.2. After withdrawal of the injection micropipette, 1 to 5 min was allowed to elapse before the suction micropipette was inserted into the previously injected blastomere and that blastomere was removed as described above. Eight embryos (4 type X and 4 type Y) were treated in this way. 924 Jacobson Vol. 1, No. 8, Aug. 1981 Experiment 3: Determination of the ability of blastomere 01.2 to substitute for blastomere V1.2. Intracellular injection of HRP into blastomere D1.2 was done on one side as described above. One to 5 min later, blastomere VI.2 on the same side was removed by suction as described above. These operations were performed on 30 embryos (15 type X and 15 type Y).
In all experiments, the operated embryos were placed in separate Petri dishes in 100% Steinberg solution plus gentamicin (10 mg/liter) for 3 to 6 hr and then were transferred to 50% Steinberg solution and kept at 20°C until they developed to larval stages 32 to 34 (Nieuwkoop and Faber, 1967) , 40 to 45 hr after the operation.
Animals were fixed and prepared histochemically to show the presence of peroxidase as described previously (Jacobson and Hirose, 1981; Jacobson, 1981) . The intracellular brown reaction product, indicating the presence of HRP, will be referred to as "label." The maximum diameter of the cell body of every Rohon-Beard neuron in 1 specimen of experiment 1 and 1 specimen of experiment 3 was measured using a microscope with an ocular fitted with a filar micrometer. Those measurements were used to correct for split cell counting errors (Abercrombie, 1946) . All Rohon-Beard neurons were counted on both sides of the spinal cord in 11 specimens (Table II) .
Results
Of the 48 embryos on which I operated, 24 died, 6 developed abnormally and are not considered further, and 18 developed normally to stages 32 to 34; 14 of those 18 were processed well enough to enable measurement and counts of Rohon-Beard neurons to be made (Tables  I and II) . Experiment 1. After removal of blastomere V1.2 on one side in 10 embryos, 5 survived normally to stages 32 to 34 and 3 of those were processed well enough to permit counts and measurements of Rohon-Beard neurons to be made. No histological abnormalities were seen in the central nervous system or elsewhere in those specimens and Rohon-Beard neurons were in their normal positions. The mean diameter of Rohon-Beard neurons was 22.1 pm on the operated side and 23.7 pm on the unoperated side of 1 embryo. In 3 specimens, the number of RohonBeard cell bodies was as shown in Table II with a mean of 67 on the unoperated side and 66 on the operated side. The diameters of Rohon-Beard cell bodies and the total numbers of Rohon-Beard cells were not significantly different on the two sides of the operated animals or different from the values in intact (injected but not aspirated) animals of the same stages (Jacobson, 1981) .
Experiment 2. After injecting HRP into blastomere V1.2 on one side followed by removal of the labeled blastomere in 8 embryos, 4 died and 4 developed normally to stages 32 to 34. Three of those were processed satis- (Table II) gave a mean of 59 on the unoperated side and 58 on the operated side. Those numbers are not significantly different from one another or from the numbers of RohonBeard cell bodies in unoperated normal embryos. This shows that normal numbers of Rohon-Beard neurons developed after removal of blastomere V1.2 from which the majority of these cells normally originate. Experiment 3. We have shown that Rohon-Beard neurons are not labeled after HRP injection of D1.2 (Hirose and Jacobson, 1979) or of its descendants at 32-and 64-cell stages (Jacobson and Hirose, 1981) . This experiment was designed to show whether Rohon-Beard neurons could descend from blastomere D1.2 in the absence of V1.2. Of 30 embryos in which HRP was injected into blastomere D1.2 followed by aspiration of V1.2 on the same side, 9 survived to stages 32 to 34 (Table I) . Of these, 8 were processed successfully and all appeared normal on histological examination. A considerable number (14.9 to 73.9%) of the labeled Rohon-Beard neurons were present on the operated side in all cases and a small number (1.7 to 9.6%) of the labeled Rohon-Beard neurons were found on the unoperated side. The mean diameter of the labeled Rohon-Beard cell bodies on the operated side in one specimen was 22.5 pm and the mean diameter of the unlabeled Rohon-Beard cell bodies on the operated side in the same specimen was 22.8 pm. These values are not significantly different from the diameters of RohonBeard cell bodies that descended normally from blastomere V1.2 (Jacobson, 1981) . The total numbers of RohonBeard neurons in the operated embryos were within the normal range (Jacobson, 1981;  Table I ). However, the mean percentages of labeled Rohon-Beard neurons that originated from blastomere D1.2 on the operated side (34.8% type X; 46.7% type Y) were about half of the mean percentages of Rohon-Beard neurons (70% type X; 81% type Y) that originated from blastomere V1.2 in normal embryos (Jacobson, 1981;  Table I ). The unlabeled Rohon-Beard neurons on the injected side in these experimental animals probably originated from other blastomeres, such as V1.l and V2.2, which normally give rise to about 27% of the Rohon-Beard neurons on the same side.
A small increase was observed in the percentage of labeled Rohon-Beard neurons on the contralateral side in this experiment (1.7% type X; 8.3% type Y) when compared with the percentages arising from V1.2 contralaterally in normal embryos (0% type X; 4% type Y; Jacobson, 1981; Table I ). The most likely explanation of this effect is that aspiration of blastomere V1.2 resulted in movement of part of the injected blastomere D1.2 across the presumptive plane of bilateral symmetry of the embryo. Geometrical distortions of the embryo always occurred after sucking out blastomere V1.2 so that part of D1.2, normally entirely on one side, could cross the presumptive midline and give rise to Rohon-Beard neurons on both sides of the central nervous system.
In addition to labeled Rohon-Beard neurons, other types of cells that were labeled in all specimens included extramedullary neurons and cells in the dorsal spinal ganglia. These cell types normally are labeled after injection of V1.2 but not after injection of D1.2 (Hirose and Jacobson, 1979) . The labeled Rohon-Beard neurons were scattered along the length of the spinal cord, interspersed with unlabeled Rohon-Beard neurons.
Discussion
These experiments provide a new example of regulation in the amphibian embryo, and by focusing on the regulation of Rohon-Beard cells which are a unique neuronal type localized in the dorsal spinal cord, the experiments raise questions about the developmental information that may be required for differentiation of this and other specific types of nerve cells. By showing that blastomere D1.2, which normally does not give rise to Rohon-Beard neurons, can replace V1.2 as the principal progenitor of Rohon-Beard neurons, these experiments show that there is no developmental information necessary for the differentiation of Rohon-Beard neurons that is uniquely localized in the blastomere which normally gives rise to most of those neurons. As shown in Figure  1 , after labeling D1.2 and removing V1.2, the labeled descendants of D1.2 populated the domain normally occupied by descendants of V1.2 in the central nervous system. The Rohon-Beard neurons that descended from D1.2 differentiated in ways appropriate to their positions in the domain of V1.2, not in accordance with the presumptive fate of D1.2 in the normal embryo. Complete regulation of Rohon-Beard neurons, defined as the restoration of normal numbers of normal size Rohon-Beard neurons from alternative progenitors after removal of their principal normal progenitor, occurred.
These results are an advance on previous work on regulation in the amphibian embryo in three main respects. Firstly, the prospective fate of the removed cells was accurately known in terms of a specific type of descendant cell, the Rohon-Beard neuron. Secondly, the cells that replaced the Rohon-Beard neurons could be identified, and thirdly, counts of the number of RohonBeard neurons that were replaced provided a quantitative assay of the amount of regulation.
Although there have been many reports showing the considerable regulative ability of the amphibian blastula (Spemann, 1938; Holtfreter and Hamburger, 1955) , they all have been deficient in one or more of the criteria listed above for assaying regulation. A detailed fate map of part of the presumptive nervous system in the amphibian blastula was not available until recently (Jacobson and Hirose, 1981) and the earlier vital staining techniques failed to identify the progenitors of any specific type of neuron, including such easily identifiable neurons as the Rohon-Beard cells (Vogt, 1929; Nakamura and Kishiyama, 1971; Nakamura et al., 1978) . In previous studies, the criteria used for assaying the completeness of regulation were merely qualitative and the ancestry of the replaced cells was not known.
The only other study of the effects of removal of identified blastomeres in Xenopus (Nakamura and Takasaki, 1971) found complete absence of the regulation of eyes and ears after removal of the eight blastomeres at the animal pole at the 32-cell stage. Although the report provided some evidence that the residual blastomeres 926 Jacobson Vol. 1, No. 8, Aug. 1981 developed autonomously according to their original prospective fates in the intact embryo, insufficient histological evidence was given and no experiments were reported in which fewer than eight blastomeres were removed. Nevertheless, those results suggest that the eight animal pole blastomeres at the 32-cell stage are uniquely able to give rise to eyes and ears. Other interpretations of those observations may be advanced, yet they raise the general question of the spatial and temporal limitations on replacement of one blastomere by another during regulation. One way of posing the question of replacement of one progenitor by another during regulation is to ask whether boundaries arise between groups of cells during development so that cells on the same side are interconvertible, whereas cells on opposite sides of the boundary cannot replace one another. (Jacobson, 1981) and may be called the set of progenitors of that type of neuron. We do not know yet the results of removal of the entire set of progenitors of Rohon-Beard neurons. These experiments show that 
